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All-trans retinoic acid (tRA) was previously shown to be 
active in wrinkle reduction in the hairless mouse photoaging 
model. To address the questions of whether tRA also alters 
glycosaminoglycan (GAG) synthesis and whether observed 
wrinkle effacement can be attributed to changes in total GAG 
production. the effects of tRA on de nol'o GAG synthesis were 
examined in this model. Sulfated glycosaminoglycans (S-
GAG) and the non-sulfated hyaluronic acid (HA) labeled 
w ith [3HJ-glucosamine or [35SJ-sulfate were found to diffuse 
differentially into the medium during the labeling period in 
the control animals (9% and 35% of total incorporated label 
for HA and S-GAG, respectively). Furthermore, the diff'u·-
sion of HA into media was significantly changed after tRA 
R etinoids produce several marked effects in skin such as induction of epidermal hyperplasia [1] and altered keratin production [2,3] . Recently, topical retinoid treatment has been show n to be beneficial for treat-ment of photodamaged skin [4 ,5]. Our earlier studies 
[6,7] have revea led that retinoids stimu late collagen synthesis in 
aminals exposed to UVB but not in non-irradiated animals. In addi-
tion, the onset of stimulation of coll agen synthesis co incides with 
that of wrinkle reduction during tRA treatment [6,7], suggesting an 
important role of de /l OVO co llagen synthesis in all-trans retinoic acid 
(tRA)-induced wrinkle reduction. The possible involvement of 
o ther matrix components (notably g lycosaminoglycans [GAGs]) in 
w rinkle effacement. however, had not been studied . The goal of 
th is work was to examine whether altered GAG synthesis is a possi-
ble mechanism in rctinoid-induced wrinkle effacement. 
MATERIALS AND METHODS 
Animal Treatments Eight- to ten-week-old female albino hairless mice 
(Skh:HR-l. from Charles River Laboratories. Wilmington. MA) were irra-
diated progress ively with a total cumulative dose of 1.4 J /cm2 UVB (290 -
320 nm) over 10 weeks as previously described [6.7]. Post-irradiation, ani-
mals were treated with tRA in ethanol at a topical dose of 3.3 mM (50 pi 
over the 3 X 4 cm2 dorsal area) 5 d a week for 10 weeks. Irradiated animals 
treated with vehicle (ethanol) served as controls. 
Six animals were included in each treatment group. From each animal, 
4-cm2 full-thickness samples were removed fr0111 th e dorsum. Skin punches 
were incubated for 24 h in modified Eagle 's medium (MEM) media (supplc-
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treatment (from 9% to 24%), but no alteration was observed 
in the diffusion of S-GAG. Separation of epidermis and 
dermis indicated that the additional HA in medium after 
retinoid treatment primarily originated from the dermis. 
When incorporated label from the medium and skin frac-
tions was combined, both labeling protocols revealed tbat 10 
. weeks of tRA treatment did not increase the total (medium 
plus skin) de 1'10110 synthes is of either HA or S-GAG. Wrinkle 
effacement as induced by retinoids in the photodamaged 
mouse skin therefore can not be related to an increased total 
GAG synthesis. Key words: ultraviolet light B, wrinkle, 
dermis, epidermis. ] Il'IlIes t Dennato/ 101:237-239, 1993 
mented with 600 mg/ I glutamine. 20 mM HEPES. 12 mM sodium bicar-
bonate, 50 U / ml penicillin. SOltg/1111 streptomycin . and 25/tg/ ml ascor-
bate) with 50.uCi/ml of[6-lHJ-glucosaminc or 50pCi/ml of(lsS]-sulfate at 
37'C [8]. In some experiments, the epidermis was then separated from the 
dermis with a IS-min treatment in 2 N NaBr at 37'C. The contents of 
radio label incorporation in media and in skin then were assayed by the 
membrane-retention method as descnbed by Saami and Tammi [8J. In brief, 
the samples were delipidized with chloroform/ methanol (2: 1 v/v), and 
digested with papain in the presence of carriers (150 Jtg/ ml each of hyal-
uronic acid [HAJ and dermatan sulfate). GAGs in the papain digestion super-
natant were precipitated With 2% cetylpYridinium chloride (C PC) and 
0.02 M NaCI. The CPC-GAG precipitate was collected onto a Millipore 
type HA (0.45 11m) ultrafiltration membrane and washed three times with 
1 % CPC in 0.02 M NaCI to remove unincorporated iso tope. Non-sulfated 
GAGs were selectively eluted with 5 ml of 0.5 N HCI and counted. The 
sulfated GAGs that remained on the membrane were counted by dissolving 
the membrane in scintillation cocktail. Recovery of unlabeled HA was de-
termined using the carbazole reaction [9]. 
RESULTS 
Efficiency of the Membrane-Filtration Method The mem-
brane-filtra~ion method used in this report was es tablished by Saarni 
and T amnll [8J. The recove ry and specificity of this method to 
separate suI fated and non-sui fa ted GAGs were further confirmed by 
separation of purified HA and endogenously labeled S-GAG. About 
95% of th e unlabeled HA was eluted from the membrane with 
0.5 N HCl whereas 97% of the [3SS]-sulfate labeled S-GAG re-
mained on the membrane. 
Effects o~ tRA on Total GAG Synthesis Using [3H]- glucosa-
1l111~e labell11g, the total Incorporation (media and skin punches) of 
radlOlabelll1to both S-GAG and HA synthesis remained unchanged 
after 10 weeks of tRA trea tment (Tabl e 1). These results were fur-
ther confirmed using [3SS]-sulfate labeling. With both labeling pro-
tocols, the net synthesis of HA and S-GAG was not statistically 
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Table I. Total GAG Incorporation" 
Assay 
3H-glucosamine (HA) 
3H-glucosamine (S-GAG) 
35S-sulfate (S-GAG) 
GAG incorporation ± SO (dpm/cm2) 
Contro l 
3.17 ± 2.0 1 X 10' 
11.73 ± 2.93 X 10' 
4 .29 ± 0.73 X 103 
tRA 
5.25 ± 1.64 X 10' 
9.30 ± 1.47 X 10' 
4.98 ± 0.52 X 103 
• Total incorportion of {lH]-glucosamine or [lSS]-sulfate into HA and S-GAG frac-
tions after 10 weeks of tRA treatment. Total GAG incorporation reflects the combined 
incorporated radio label recovered from the media and skin-punch fractions as measured 
by the membrane-retention method. In all three assays. total GAG incorporation in the 
tItA group is not significa ntl y different from control (p > 0.05; n = 6). 
different (p > 0.05) between treated and control animals as deter-
mined by analysis of variance (ANOVA). . 
Effects of tRA on Percent GAG in the Media In control sam-
ples. only 9% of HA synth esized during the 24-h labeling period 
was recovered in the media. By contrast, 35% of S-GAG diffused 
into the media from the same skin sample, suggesting that HA is 
better retained by mouse skin than S-GAG (Fig 1). Ten weeks of 
tRA treatment significantly (p < 0.05) changed the relative amount 
of HA, but not S-GAG, in the media. For S-GAG, percent S-GAG 
in the media in the tRA-treated groups (34%) was similar to the 
vehicl e control level (35%) as measured by tritiated glucosamine 
incorporation (Fig 1). For HA, percent HA in the media was in-
creased from 9% in the vehicle control to 24% in th e t-RA treated 
samples. 
To trace the origin of the addi tional HA in the media after tRA 
treatment, epidermis and dermis were separated with NaBr after 
labeling. As shown in Fig 2, tRA affected HA retention to a greater 
extent in the dermis than in the epidermis. 
DISCUSSION 
In this study, we examined the effect of tRA on de 1'10110 GAG syn-
thesis in the hai rl ess mouse photoaging model. With this approach, 
the questions addressed are a) can the wrinkle effacement induced 
by retinoids in the hairl ess mouse photodamage model [6,7] be the 
result of an altered GAG biosynthesis, and b) can total GAG biosyn-
thesis be used as a biochemical endpoint to evaluate retinoids in th is 
model. Although similar ill vivo experiments have not been per-
formed, related il'l Ilitro studies abound in the literature, with contra-
dictory results. Tammi and Tammi [10] and King [11] rc .. ...,rted a 
significant increase in GAG synthesis after treating skin cultures 
with tRA or other synthetiC ret11101ds. On the contrary, Smith [1 2] 
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Figure 1. Percent GAG in the media after 10 weeks of retinoid treatment 
w ith [3HJ-glucosamine labeling. Percent GAG in media = [(GAG in 
media)/(GAG in media and skin fractions)] X 100%. Crossed bars, ethanol 
control ; solid bars, 3.3 rnM tRA; error bars, SO; n = 6. *, statistically signifi-
cant difference (p < 0.05) from contro l. 
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Figure 2. Percent change in HA retention in epidermis and dermis after 
tRA (3.3 mM) treatment as measured by [3H]-glucosamine incorporation. 
T he skin punches were separated into dermal and epidermal fractions after 
radiolabeling. Percent change in H A retention after retinoid treatment IS 
defined as [(HA reta ined in the tRA-treated skin punches - HA retained in 
the control skin puncbes)/(HA in the control skin puncbes)] X 100%. 
Crossed 11M, epidermis; solid IJar, dermis. Error bars, SO. 
observed that tRA decreased hyaluronic ac id production by 54% in 
fibroblast cultures. This discrepancy reinforces our previous argu-
ment [6] that the effects of retinoids depend highly on cellular 
metabolic status and the environment. 
Our results indicate that the total GAG synthesis in the photo-
damaged mouse skin is not significantl y elevated in response to tRA 
treatment. However, tRA reduces UVB-induced wrinkling and in-
creases collage n production [6] . These data suggest that retinoid-in-
duced wrinkle effacement does not correlate with synthesis of 
GAGs. Furthermore, th e capability of synthetic re tinoids to stimu-
late total GAG synthesis ill vitro does not reflect their efficacy in the 
photodamage model. Wrinkle effacement as observed in this model 
therefore cannot be attributed to a net increase in glycosaminogly-
cans. However, in this study, tRA appears to facilitate the diffusion 
of HA, but not S-GAG, into th e medium. The decrease in HA 
retention in skin punches in response to tRA is more pronounced in 
dermis than in epidermis. Whether this decreased retention of HA 
is the result of elevated catabolism, decrease in the size of the newly 
synthesized GAGs, or altered dermal matrix structure needs to be 
determined. The results nevertheless suggest that tRA changes the 
physical interaction between HA and other matrix components, 
especially in the dermis. It is interesting that the modulation of HA 
retention by tRA observed in this study may explain the discrepancy 
between histologic and biochemical detection of GAGs. It has been 
reported that topical retinoic acid treatment increases GAG staining 
in human skin [13] . It remains to be seen whether th e increase in 
localized GAG staining as determined histologically reflects an in-
crease in total GAG production or is related to an altered GAG-ma-
trix interaction, w hich may result in a greater accessibi li ty of GAGs 
to histologic stains. 
These results, however, do not exclude the possibility that reti-
noids may affect the relative synthetic ratio of specific sulfated 
GAGs. Using monoclonal antibody immunostaining techniques, 
Will en et al [14] reported that during aging different GAGs undergo 
complicated quantitative changes in various layers of human skin. 
Furthermore, GAGs in skin can be incorporated into various prote-
oglycans (e.g., decorin and biglycan) and execute different biologic 
functions. Total quantitative changes thus may not be sufficient to 
represent the complicated effects of retinoids on GAG synthesis. 
The data in this report, nevertheless, reveal that total HA and S-
GAG production is not changed after post-irradiation retinoid 
treatment. Retinoid-induced wrinkle reduction therefore is not the 
result of an increased GAG synth esis in this model. 
VOL. 101, NO.2 AUGUST 1993 
We thallk Laura Galecki Jar prepararioll oj rhe //lallI/script. 
REFERENCES 
1. Connor MJ , Ashton RIO, Lowe NJ: A comparative study of the induction of 
epidermal hyperplas ia by natural and sy nthetic retinoids.] Pharmacal Exp Ther 
237:3 1-35, 1986 
2. Gilfix BM, Eckert RL: Coordinate control by vitamin A of keratin gene expres-
sion in human keratinocytes.] Bio/ Chelll 260: 14026 - 14029, 1985 
3. Eichner R, Kahn M, C.'petola R] , Gendimenico G], Mezick]A: Effects of topical 
retinoids on cytoskcletal proteins: implications for retinoid effects on epidermal 
differentiation. ] lIlVe.H Dermalol 98: 154 - 161, 1992 
4. Leyden]] , Grove G, Grove M], T horne EG, Lufrano L: Treatment of photodam-
aged facial skin with topical tretinoin .] A m Acad Der",alo/21:638-644, 1989 
5. Kligman AM, Grove GL, Hirose R, Leyden ]J: Topical tretinoin for photoaged 
skin .] Alii Acod DerllloloI15:836-859, 1986 
6. Chen S, Kiss I, Tramposch KM: Effects of ail-trans retinoic acid on UVB-irra-
diated and non-irradiated hairless mouse skin.] IrWe.H Derlllalol 98:248 - 254, 
1992 
7. Tramposch KM, Nair X, Gendimenico S, Tetrault GB, Chen S, Kiss I, Whiting 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
tRA ON GLYCOSAMINOGLYCAN SYNTHESIS 239 
G, Bonney RJ: The pharmaco logy of a novel topical retinoid, BMY-30123. 
Comparison with tretinoin.] Pharlll Pharlllaco/44:379-386, 1992 
Saarni H, Tammi M: A rapid method for separation and assay of radiolabeled 
mucopolysaccharides from cell culture medium. A llal Biochem 81 :40 - 46, 1977 
Bitter T, Muir HM: A modified uronic acid carbazole reaction. Allal Bioe/Jet" 
4:330-334,1962 
Tarnm_i. R, !ammi M: Influence of rcrinoic acid on the ultrastructure and hyal-
uronIc aCId syntheSIS of adult human epidermis in whole skin organ culture.] 
Cell P/,ysio/126:389 - 398, 1986 
King IA: Increased epidermal hyaluronic acid synth esis caused by four retinoids. 
Br] Derlllolo/ 11 0:607 - 608, 1984 
Smit!, TJ: Retinoic acid inhibition of hyaluronate synthesis in cultured human 
skm fibroblasts. J C lin Endocrinol Metab 70:655 - 660, 1990 
Weiss JS, Ellis CN: Headington JT, Tincoff T, Hami lton TA, Voorhees JJ: 
TopIcal tretmom nnproves photoaged sk in: a double-blind vehicle-controlled 
study. ]AMA 259:527 - 532. 1988 
Willen MD, Sorrell 1M, Lebn CC, Davis DR, Caplan AI: Patterns of glycosami-
noglycan/proteoglyc:m immUIlost3ining in human skin during aging.] ["vest 
DerlllaloI96:968-974, 199 1 
